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A B S T R A C T   

This study aims to investigate the impact and compressive strength properties of corn husk fibre (CHF)/polyester 
composites. The composites were subjected to water immersion treatment at two different durations. A polyester 
mixture with CHF of different fibre volume fractions was formed via hot press at 107 �C for 5 min. All composites 
were soaked in water for 24 and 72 h. Characterisation of impact and compressive strength, water absorption and 
thickness swelling properties of the composites were evaluated. The morphology of surface fractures of the 
composites was also analysed using scanning electron microscopy (SEM). Results show that the impact and 
compressive strength, thickness swelling and water absorption properties of the composites initially increased 
after 24 h of dyeing treatment. After soaking for 72 h, the moisture absorption and swellability properties of each 
composite increased by approximately 0.24%–1.38% and 0.08%–1.04%, respectively. Consequently, the impact 
strength of the composites increased, but the compressive strength decreased due to the weakened interface of 
polyester–fibres. SEM images show the interface between the fibres and the spread of fibres and voids. These 
results indicate that CHF composites can be an alternative for wood composites as construction materials.   

1. Introduction 

The use of natural fibres from corn (Zea mays L.), which is abundant, 
cheap and environmentally friendly, has considerable potential as a 
polymer composite filler. Several studies on strengthening polymers in 
terms of improving their mechanical and sound absorption properties by 
using wastes from corn plants have been published [1–3]. Sari et al. 
reported that the maximum tensile strength of the polyester–corn husk 
fibre composite is obtained at a volume fraction of 50%/50%, and the 
sound absorption coefficient at high frequencies of the composite can be 
obtained when the fibres are arranged randomly [1]. Xinyi et al. found 
that a sound-absorbing fibreboard from corn husk fibre/poly-lactic acid 
with a thickness of 2 mm has a sound absorption coefficient of 0.95 at 
1600 Hz [4]. Compared with porous materials, corn husk is thin, light 
and has excellent acoustic absorption [5]. Luo et al. reported that the 
flexural modulus, tensile modulus, flexural strength and tensile break 
strength of high-density polyethylene (HDPE) composites made from 
corn stem and cob are better than those of composites made from corn 
leaf and ear fibres [2]. Youssef et al. stated that the corn husk fibre/r-
ecycled low-density polyethylene (R-LDPE) composite with a fibre 

loading of 20% has a tensile strength and moduli of 17.7 � 0.20 MPa and 
410 � 0.32 MPa, respectively, and the hardness is 3.02 � 0.30 KP/mm2; 
these properties contribute to the suitability of this composite for 
packaging applications [3]. Similarly, the 5%corn husk fibre (CHF) 
composite has high tensile strength without changes in elongation and 
surface contact angle (44�) [6]. Meanwhile, the aspect ratio of rein-
forcement Kenaf fibre and corn husk flour in biohybrid composites can 
be determined after extrusion, wherein the difference in tensile modulus 
from theoretical and experimental results is insignificant [7]. 

Most of the aforementioned studies focused on the mechanical 
properties of composites reinforced with wastes from corn plants. 
However, studies on impact and compressive strength, thickness 
swelling and water absorption properties of composites based on corn-
husk fibre are limited. Luo et al. reported that HDPE composites with 
50% corn fibre content made using an injection moulding machine have 
water absorption properties of 3.88%, which is higher than the 3.00% 
standard, due to the high hemicellulose content in the husk fibre [2]. 
Youssef et al. investigated the water absorption and swelling properties 
of cornhusk composite fibre/R-LDPE. They found that the maximum 
percentage of water absorption and swelling (87% and 31.21%, 
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respectively) of the composites was attained after the samples were 
immersed in water for two weeks [3]. Other studies reported that the 
amount of water absorbed in various natural fibre composites have 
different effects on the mechanical properties of polymer composites 
[8–13]. These previous studies only investigated the water absorption 
properties of composites but did not explain the effect of water im-
mersion on the mechanical, physical and morphological properties of 

composites. 
Investigating the mechanical properties of composite materials 

under a wet environment is important to evaluate the consequences of 
water absorption. In the present study, the characterisation of compos-
ites based on CHF and polyester in wet environments was presented and 
comprehensively discussed. The effects of fibre content and time of 
water immersion on the swellability, compressive and impact strength 
and morphological properties of the fracture surfaces of the composites 
were examined. 

2. Materials and methods 

2.1. Materials 

CHF was obtained from corn husk wastes collected from the Page-
sangan area, West Nusa Tenggara, Indonesia. Corn husks were selected 

Fig. 1. Material preparation process. a. Cornhusk waste; b. Soaking corn husk in water; c. CHF retrieval; d. Raw CHF.  

Fig. 2. Chemical treatment process. a. Soaking CHF in 8% NaOH for 2 h; b. CHF washing; c. Drying process of CHF.  

Table 1 
Composition of CHF/polyester ratio of composites.   

Nomenclature 

FC2,5 Polyester composite with 2.5% CHF volume fraction 
FC5 Polyester composite with 5% CHF volume fraction 
FC10 Polyester composite with 10% CHF volume fraction 
FC15 Polyester composite with 10% CHF volume fraction  

Fig. 3. Water absorption rates of different composites in this study.  

Fig. 4. Swellability of different composites in this study.  
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from the outer skin to obtain uniform fibres. The husks were soaked in 
freshwater for 10 days to undergo bacterial micro-processes [14]. The 
fibres were collected using plastic and then aerated under the sun. These 
fibres were stored in a storage box with a humidity of 30%. The CHF 
retrieval process is shown in Fig. 1. 

Polyester resin Yukalac 2250-EX was supplied by PT. Justus Kimia 
Raya, Surabaya, Indonesia. The specifications of the resin are as follows: 
a density of 1.9 gr/cm3, a viscosity of 6–8 (25 �C), a tensile strength of 
8.8 Kg/mm2 and a melting temperature of 110 �C-200 �C [1]. 

2.2. Chemical treatment on CHF surface 

CHF was soaked in 8% NaOH for 120 min, rinsed with freshwater, 
dried under the sun and stored in a box with 30% humidity (Fig. 2a, b 
and 2c). The diameter of the fibres was 0.124 � 0.02 mm, and the 
percentages of cellulose, lignin and hemicellulose content of cornhusk 
fibres NaOH treatment were 62.87%, 13.62% and 5.55%, respectively 
[14]. 

2.3. Preparation of composites 

Composite samples were made via a hot press technique. The pre-
pared CHF was cut to 40 mm in length and placed in a mould. Polyester 
resin was poured into a mould that has been filled with fibres, and 
pressed at 105 �C and 5 MPa for 4 min, followed by cooling at room 
temperature at 3 MPa. Four different composite samples were produced. 
The ratios of fibres and polyester of the composites are shown in Table 1. 

Before testing, all test samples were immersed in distilled water at 
two different periods, namely, 24 and 72 h. A total of 72 test samples 
were characterised by repeating each variation three times. 

2.4. Characterisation of composites 

2.4.1. Water absorption test 
The dimension of the samples for the water absorption and swelling 

tests was 76.2 mm � 25.4 mm � 6 mm. The water absorption test was 
conducted according to the ASTM D570–18 standards [15]. The com-
posite samples were dried in an oven at 50 �C for 24 h and placed in a 
desiccator for cooling before testing. The samples were then weighed 
and reported as the initial dry weight of the sample (Mo). Afterwards, 
the composite samples were soaked in distilled water for a pre-
determined time and then removed from the container. The water on the 
surface of the samples was wiped, and then the samples were weighed 
again (M1). 

Water absorption is expressed as an increase in weight percent and 
calculated by Equation (1) [16]: 

Water absorption ð%Þ¼
ðM1 � MoÞ

M1
� 100 (1)  

where Mo is the initial dry weight of the composite sample (g), and M1 is 
the weight of the composite after water absorption (g). 

2.4.2. Swellability test 
In the swellability test, the thickness of each composite sample was 

measured. The swellability percentage of composites was determined 
using Equation (2) [3]: 

Swellability ð%Þ¼
ðx � yÞ

y
� 100; (2)  

where x and y are the volumes of the composite after and before soaking 
(cm3), respectively. 

2.4.3. Impact test 
The impact tests of composites with a dimension of 55 mm � 10 mm 

� 10 mm were performed using an Impact Charpy Testing Machine 
Model IT-30. The tests were conducted according to the ASTM D256 
standards. 

2.4.4. Compression test 
The compression tests were performed using universal testing ma-

chines with displacement control and conducted according to the 
ASTMD–695-15 standards [17]. The dimension of the samples was 135 
mm � 10 mm � 4 mm with a span set to 15 mm. 

2.4.5. Scanning electron microscopy (SEM) 
The fracture surfaces of the CHF/polyester composite samples were 

characterised using high-resolution field-emission SEM (type s50). The 
SEM was operated at an emission current of 47 μA and an accelerating 
voltage of 1–5 kV. The samples were coated with a thin layer of gold of 
approximately 50 nm in thickness. 

Fig. 5. Impact strength of CHF/polyester composites in this study.  

Fig. 6. Compressive strengths of different composites in this study.  

N.H. Sari et al.                                                                                                                                                                                                                                  
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Fig. 7. SEM images of polyester/CHF composites before immersed in water, a. FC2.5, b. FC5, c. FC10 and d. FC15.  

Fig. 8. SEM images of polyester/CHF composites after water immersion for 24 h, a. FC2.5, b. FC5, c. FC10 and d. FC15.  
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3. Result and discussion 

3.1. Water absorption analysis 

The water absorption capacity of the CHF/polyester composites is 
shown in Fig. 3. After immersion in water for 24 h, the water absorption 
value varied from 0.24% to 0.58%; after 72 h of water immersion, water 
absorption increased from 0.98% to 1.38%.Water absorption also 
increased with CHF content in the composite. This increase in water 
absorption is mainly due to the presence of fine pores, hydrogen bonds, 
lumen in the CHF [14], gaps in the interface and microcracks in the 
matrix that formed during the compounding process [18]. After soaking 
in water for 24 and 72 h, the FC15 sample exhibited the highest per-
centage of water absorption amongst that of the other fibre composite 
(FC) samples. 

Fig. 3 shows that after immersion in water for 72 h, the FC10 sample 
had the lowest absorption value amongst that of the FC2.5, FC5 and 
FC15 samples. The FC samples are assumed to have good interfacial 
bonds such that the interface width between fibres is reduced, thereby 
reducing water absorption through this area to the inside of the material. 

Furthermore, the water absorption value of CHF/polyester compos-
ites after immersion in water for 24 h (0.24%–0.58%) was lower than 
that of composite wood PP (2.34%–7.5%) after25 h of water immersion 
[19] and national standards (3.00%) [2]. These results indicate that CHF 
composites can be a substitute for wood–PP composites as building 
materials. 

3.2. Swellability analysis 

The swellability of FC composites increased with water absorption 
(Fig. 4). The value of swelling thickness after 24 h of water immersion 
varied from 0.08% to 0.44%.These values increased after 72 h of water 
immersion, varying from 0.45% to 1.04%. The swellability of CHF–po-
lyester composites exhibited the same trend as that of water absorption, 
wherein composites with high water absorption also showed high 
swellability (Fig. 4). Thus, the swelling rate of FC composites was 
influenced by water absorption due to the same mechanism as that of 
water absorption. 

The lowest water absorption and swellability values were obtained 
from the sample FC2.5. This sample is associated with dispersion phases 
and good adhesion between CHF/PE, which reduced the interface width 
between fibres and the water uptake through this part to the interior of 
the composite. By contrast, the wide gap between PE and polyester 
trapped additional water molecules in the interface area. This assump-
tion possibly explains why the FC5 sample had the highest swellability 
amongst that of the other samples. These results were confirmed using 
SEM images in the next section. 

3.3. Impact strength analysis 

The impact strength of CHF/polyester composites is shown in Fig. 5. 
After water immersion for 24 h, the composites exhibited impact 
strength values varying from 485.53 kJ/m2 to 902.72 kJ/m2. After 
soaking for 72 h, the impact strength values increased from 651.52 kJ/ 
m2 to 1173.99 kJ/m2 as the amount of CHF in the composites increased. 
The increase in impact strength of FC composites was probably due to 
the entry of large amounts of water into the fibres. Moreover, this in-
crease clogged the cracks and broke them along the CHF–resin interface, 
thereby resulting in high impact strength. 

The lowest impact strength value of the composites was obtained 
from sample FC15. This sample is associated with a high degree of 
integrity due to the incorporation of CHF into the polyester and fibre 
pullout. This result was confirmed by SEM images (Fig. 7d). 

3.4. Compressive strength analysis 

The compressive strengths of the CHF/polyester composites are 
shown in Fig. 6. The compressive strength of the composites after 
soaking in water for 24 h increased. However, the compressive strength 
decreased with increasing amounts of fibres in the composites after 
soaking for 72 h. This decrease occurred because of the technical 
microbuckling and delamination of composites. No microbuckling 
appeared on the fibres. The initial cracks that occurred on the polyester 
matrix during compression testing pressed together, thereby avoiding 
propagation. Van Vuure et al. [20] stated that buckling of composites 
occurs because cracks in the matrix propagate hard through the com-
posites and cause fibre damage. 

When the CHF content was increased, the polyester was no longer 
continuously distributed, and many CHFs were in direct contact with 
one another; this condition led to poor bonding at the interface due to 
the poor dispersion and wettability, resulting in low compressive 
strength. The occurrence of bonds between fillers and matrices can be 
explained by esterification [21]. 

The increase in compressive strength values of the FC composites 
was due to the excellent stress propagation between the filler and the 
matrix, resulting in enhanced compressive strength in response to stress. 
This finding is contributed to the increased composite compressive 
strength after 24 h of immersion in water. 

3.5. Morphological studies 

The morphologies of the fractured surfaces of the CHF/polyester 
composites tested in impact were examined using SEM. The SEM images 
of the polyester composites at fibre volume fractions of 2.5%, 5%, 10% 
and 15% are shown in Figs. 7 and 8. Fig. 7 shows a dense interface 
between the resin-CHF and fracture occurs along the resin in the com-
posite before soaked in water (Fig. 7a, b, 7c and 7d); which cause impact 
and compressive strength is high. Furthermore, Fig. 8 demonstrate the 
existence of a gap between polyester and CHF. After immersion in water 
for 24 h, the CHF is remained strongly bound to the polyester resin and 
interface fractures along the fibres (Fig. 8a, b and 8c), resulting in high 
impact and compressive strengths. In addition to the interface fracture, 
Fig. 8d shows that failure is also followed by several fibre pullouts and 
damage. Thus, FC15 sample composites exhibited the lowest impact 
strength amongst that of other FC composites. 

4. Conclusion 

The swellability, impact and compressive strength of composite 
CHFs in water were investigated. Results showed that after 24 h of water 
immersion, the impact and compressive strengths increased with CHF 
contents. After 72 h of water immersion, the impact strength increased 
whilst the compressive strength of the composites decreased. This phe-
nomenon is attributed to the hard propagation of cracks in polyester and 
fibre damage. The swelling and water absorption values of composites 
increased due to the presence of lumen, hydrogen bond and gaps in the 
fibres. The presence of several interfacial fractures and fibre pullouts 
was observed using SEM images. This novel composite can be a substi-
tute for saw wood composites as building materials. 
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properties of corn husk fibre composites
Nasmi Herlina Sari , Jauhar Fajrin , Suteja , Ahmad Fudholi 
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Highlights
The impact and compressive strength properties of corn husk fiber (CHF)/polyester
composites was investigated.

Characterization of impact and compressive strength, water absorption, and
thickness swelling properties were evaluated.

Morphology of surface fractures from composites also was analyzed using Scanning
electronic microscopy (SEM).

SEM photos display the interface between the fibers, the spread of fibers and voids.

CHF composites can be an alternative for waterproof construction materials instead
of flax fiber composites.

Abstract
This study aims to investigate the impact and compressive strength properties of corn husk fibre (CHF)/polyester
composites. The composites were subjected to water immersion treatment at two different durations. A polyester
mixture with CHF of different fibre volume fractions was formed via hot press at 107 °C for 5 min. All composites
were soaked in water for 24 and 72 h. Characterisation of impact and compressive strength, water absorption and
thickness swelling properties of the composites were evaluated. The morphology of surface fractures of the
composites was also analysed using scanning electron microscopy (SEM). Results show that the impact and
compressive strength, thickness swelling and water absorption properties of the composites initially increased after
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Quartiles

The set of journals have been ranked according to their SJR and divided into four equal groups, four quartiles. Q1 (green)
comprises the quarter of the journals with the highest values, Q2 (yellow) the second highest values, Q3 (orange) the third
highest values and Q4 (red) the lowest values.

Category Year Quartile
Ceramics and Composites 2017 Q2
Ceramics and Composites 2018 Q1
Ceramics and Composites 2019 Q1
Materials Chemistry 2017 Q2

SJR

The SJR is a size-independent prestige indicator that
ranks journals by their 'average prestige per article'. It is
based on the idea that 'all citations are not created
equal'. SJR is a measure of scienti�c in�uence of
journals that accounts for both the number of citations
received by a journal and the importance or prestige of
the journals where such citations come from It
measures the scienti�c in�uence of the average article
in a journal it expresses how central to the global

Citations per document

This indicator counts the number of citations received by
documents from a journal and divides them by the total
number of documents published in that journal. The
chart shows the evolution of the average number of
times documents published in a journal in the past two,
three and four years have been cited in the current year.
The two years line is equivalent to journal impact factor
™ (Thomson Reuters) metric.

Cites per document Year Value
Cites / Doc. (4 years) 2016 0.000
Cites / Doc. (4 years) 2017 1.938
Cites / Doc. (4 years) 2018 3.391
Cites / Doc. (4 years) 2019 4.658
Cites / Doc. (3 years) 2016 0.000
Cites / Doc. (3 years) 2017 1.938
Cites / Doc. (3 years) 2018 3.391
Cites / Doc. (3 years) 2019 4.658
Cites / Doc. (2 years) 2016 0.000
Cites / Doc. (2 years) 2017 1.938

Total Cites Self-Cites

Evolution of the total number of citations and journal's
self-citations received by a journal's published
documents during the three previous years.
Journal Self-citation is de�ned as the number of citation
from a journal citing article to articles published by the
same journal.

Cites Year Value
S lf Cit 2016 0

External Cites per Doc Cites per Doc

Evolution of the number of total citation per document
and external citation per document (i.e. journal self-
citations removed) received by a journal's published
documents during the three previous years. External
citations are calculated by subtracting the number of
self-citations from the total number of citations received
by the journal’s documents.

Cit Y V l

% International Collaboration

International Collaboration accounts for the articles that
have been produced by researchers from several
countries. The chart shows the ratio of a journal's
documents signed by researchers from more than one
country; that is including more than one country address.

Year International Collaboration
2016 31.25
2017 25 00

Citable documents Non-citable documents Cited documents Uncited documents

2017 2018 2019

Ceramics and Composites
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